
NASA TECHNIOAL TRANSLATION NASA T']?} F -:)1.4,499.

CALCULATION OF THflI(l)IR~eTION QFTtwl:N.6·TIO MOMENTS..,
OF THE ESRO I SATELLITE

Contraves AG, Zurich

Translation of "Berechnung der Richtung der magnetische
Momente ESRO I", Contraves AG, Zurich, Technis-

che Ydttei1ung(Technica1 Report), TM-RES
581 39-008, May 1, 1967, 10 pages.

(NASA-TT-F-14499) CALC~LATION OF THE
DIRECTION OF MAGNETIC MOVEMENTS O~ THE ESRO
1 SATELLITE (NASA) Sep. 1972 1S-p CSCL

228
G3/31

~~ .,.,
-...
/

NATI0NAL AERONAUTICS AND SPACE ADMIIifISTRATION
WASHINGTON, D.C. 20546 September 1972



Contraves AG ZuriSh. Technische Mitteilung. "Berechnung
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CALCULATION OF THE DIRECTION OF MAGNETIC JltICE2lJ'I'S I ESm.O I.

1.Formulation of the Problem

The magnetic field at various points with three components

for each instance was measured for determination of the

direction of the magnetic moment of the two permanent

magneGin the satellite at the MSTU on the Stadlerberg.

'I'he measurement values are published in TM-RES-58l.39-

005, pages 14-17.

2.Derivation of Equations

a= measurement point S
b= magnet i.
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Given:

Position of magnets i

Position of measurement points Si

Magnetic field at points Si

Magnetic moment of magnets i

-rSTi = ('XSTi, YSTi , ZSTi )

~I =( XS'I ,I YSI ~ ZSI )

HSI = (HSJr1 HSyl Hszl )

Mj , (i =1. •. 2 )

"
(1 = measurement-point index).

- --r 1l = r Sl -rST1 with the unit vector
;- .

The magnetic field at a measurement point S is

H = ~ ...ML. 0[30(-;, oe- .)·e· - em,']'S L- r. 3 rI ml rI
i-I I

'wanted:

1
Uni t ~e-~tor -em; = (,emil, emiy, emiz )

f-- ,

,,' ~

Premise:
i emil'::::' 0,2 emiy'::::' 0,2

From this follows

lemiz I ~1,- 2.0,2 2
' - 0,96

Neglecting an error

Since the two magnets have their north pole in the -z-
direction e = .- 1miz

and

emi = ( emil, emir, -1 )
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Component form of equation (1):

2
M' [ ]HSll = L rf3. emil C3eri~ -1) + emiy ( 3 erill' eriy ) - 3 eriK eriz (2)

;=1

2
Mi [ (3 . ]Hsy = L ) + emiy (3eri~ -1) - 3 erii eriz (3)

i=1
~. emil eril' eriy

2
Mi [ ]Hsz =L r:T' emil ( 3eril' eriz ) + emiy (3eriy eriz) - 3e ri: + 1 (4)

i=l I •

Thus for a measurement point is yielded

(5)

(E = measurement error)

The coefficients for equations (2) to (4) are:
for for for

coefficien·t Equa.tj_on (2) Equation (3) EquC':ci.cn (~)

a,
. --M, . 2

r;-3 (3erll - 1)

M1 2-r,T <3er1y - 1)

M2
i2l 3er2x,er2y

- ML3e 'e - Hr 2 3 r2y r2z Sy- ML3",·e -Hr 3 -r21 r2z S.2

a 2
,

~._"----;"-----------+------------1-----------I



The unknowns e , e
mix miy

-4-

must now be so determined that

i.e. the partial derivatives of S with respect to the

unknowns must be set equal to zero. This results in a

system of four linear defining equations with the following

coefficient matrix:

Lco,t2 Lall' a 21 [ a 1l,aJ1 La,t'a41 La, I' Clsl
I I

I ~i~1l La2~ .. La 2i dJl La2i a41 LA2i~1
c·= D· =-Ik

I ~lall La Ji a 21 LaJ~
Ik

L~ia41 LaJlaSI

La4id.1l La 4i a 21 La"iaJI [ a 41
2 La4i a 'H

iiV;l th vector will

(7)
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A program for the SDS 920 was developed for the solution

of this equation system.

3. ~escription of the Calculation Program

3. a Definition of the Coordinate System

The measurement arrangement was such that the satellite

could be turned in the z axis to the extent of angle ¢

with respect to the space-stationary coordinate system

XNsS' YNSS ' ZNSS (comp~re TM-RES 581.39-003). Measurement

- -value ~l and HSI are given in terms of the space-

-stationary system, the position of magnets rSTi. and

-vectors emi is given in terms of the satellite-statio-

nary system. By means of a transformation, values r;Ti i

must first be converted into the space-stationary system

and at the end, vectors emi must be recalculated for

the satellite-stationary system.

ZNSS= ZM

Index Me

stationary with
respect to tspace·c~

station;'l.ry with
respect to satellite
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3. b Program Input

Required subroutine: SYSLIN

OM (-"'c : ... magnet. Moment for Magnet 1~ ,-

XM (I ).\

YM (I) = Position of Magnet i

U~ (I) J

x = 0 (not being used)

L = I = 'Number of the Magnet

PHIO = Angle. ..,

XNSS 1
YNSS } =J?osition of a Measurement Point

ZNSS J
wH = Field Intensity (Reading Value)

[Gauss. em3 .J

[De9~ ]

[ ~m J
[ ~ ]

HO = zero error or earth-field component subject to com-

pensation. Give value in the direction of the positive

axles ~ (y)

( = +
1" if measuring sonde lies in the + XNSS direction, -

Hm i +..; = 2, if measuring sonde lies in the + YNSS direction
+ 3,~ = - measuring sonde the +if is in - ZNSS direction

X = PHIC (control)
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Reading value H corresponds to the measuring value of a

measurement sonde, which however gives only half the

value of the actual magnetic field (compare TM-RES-58l.

39-003, page 37-39). Doubling of the measurement value is

effected in the program. The measurement values given

in TM-RES-58l.39-005 can therefore not be used directly,

since this doubling has already been carried out there.

Position of Switch SW 2

By means of this switch, the program can be so controlled

that the coefficient matrix Cik is calculated in terms of

the space-stationary system, and vector em is transformed

into the satellite-stationary system only at the end

(SW 2 = off), or that coefficients ak and thus also Cik

are calculated already in the satellite-stationary system

(SW 2 = on) .

In the first case, only all the measurement values with

a constant ~ can be used. The last card must then be a

blank card (IND = 0).

In the second case, all measurement values can be used



- 8 -

independently of angle ~. It is necessary only to com

bine groups with the same ~ and to close with a card with

XNSS = 1'000'000 and IND = O. In addition, before each

such group, a card with the new (PHIG) must be entered.

The very last card must again be a blank card.

3. Data Issue

In addition, the determinant of Cik is calculated and printed

out by means of switch SW 1 = on.

PHIG = ~ (degree)

If SW 1 = on, i.e. if measuring values with different values

of ~ have been evaluated, the last entered value ~ is

printed out.

j:
"l: _Mar:net

~i(~",l

I .(~.. .; 1 Magnet 2 Magnet 1+2 ' Anglef
"a ·l~_ ~

",'" . e mlx e m21 e ml" f 4 eml,~,~:l; ,
" emly em2y e my 4 emy

emlz em2z emz
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Here:

- de signate s unit vector of the field of Magnet Iem1 =
- de si.gnate s 2e m2

:: uni t vector of the field of Magnet

em ::
de signate s fi eldunit vector of the re SJlti ng

of the 2 magnet s

-4e m
:: -de signate s angle of E1u i 1) /degree/ with re ::pect

to the -z-axi s

All values are given in terms of the ::atellite-stationary

system.
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DIRECTION OF THE MAGNETIC MOMENTS ESRO

' . ..,

... .
~U

1.S

43

' . ..,.., .:.

'> ,

,. ::

...

1 C
2 C
3'· ·C· ---:'4 SWl OFF WITHOUT DETERMINANT
4 C· SWl ON TYPE DETERMINANT

T
- .!;) .. --c- - .. -' SW2 OFF CALCULATION' IN SYSTEM SPACE STATIONARy

G C SW ON CALCULATION IN SYSTEM STELLITE STATIONARY
7 C .
8 1), M[:1S I (); J 0 j·1 L~ T, -X;{l.2 J ,-Yi H 2 ! I :: ill 2 1, :' iH 2 ,- 3.}", :H -2 I I :\ f 5 J , C r It , 5 J'
\) D11'1 ~ NS IJ i J x;q 2 I 2 J

l:i 1 P,'-.J S[
11 DI; T ., 1 •
1 L PE:(;1 :r 2[: - :;
2.) Po. l~:i:i 1.# 1 , [I

DO l~: ;:; !(,. I , 5
4:AO C[ I , K1":;.

DO 091"1,2
(~ f i \ D 5:) ,OJ 1[ I 1, ,( j if I 1, Y: 1f I I I Z, i! I I , X, L
If[I-Ll 13,99,13

99 CO;JT I iJU!~

2.- ~;:' 1\1) 5~:, PH I G
?lrl ; =?! I I ,; I 5 7 • 29 S 7 7 9 51 ) :

~OO I" 1 , 2
XX \ . , 1J '/ i< III I ]
XX[l,21"YiHll

l:i:; '- .... ~L. TRAiJS [X;( [1,11, XX [1,2 J, :):11 )
3 ;.I:ilr) 5:),,{IJSS,Yi~$S,Z;JSS,!l,H:;/I,JD,;-<

I r- r I i Jf) I 111, 4, 11~ .
1 4 I F [ Pili G- ;\] 1 3 , 5 , 1 3

5 no 2:i:) I" 1 , 2
[ f{ r I , 1 I "x 1·13 S- ;-: ,{ r I , 11
r:Hf I, 21 "YiJSS-A~\ r 1,21
.: ~. :,31 "'Z:JS:-Z,',i II
\: ' <:,~ (f f r=.;: r I , 1 : :: :', .? .~ r: :{ [ I , 2 I .:: '.'" 2 'J ERr I , 3 ) :d: 2 i
RLt ] .1.; .11' t ! / 1 ,\ r I I ;': ,:) ~

f) 0 200 _;: 1 , 3
2:i:~ E~:;, L I tr EIn I , LJ / A f I .J

l"f' ? f: i{, .p': rw: S I Gj.J [l, I :Jf) 'j -: 1:iJ
I N I)::: I /\ f3 S LI IW'I
~(5'l 1:.i.
PO 3:;:; '''1,2
[2.=2;':1"1
(2-2;':1

. L "-2
It i
)( n ",

"' .
IFfllJD-ZJ 8,7,6

6 U ··5
b' ..,
1<': 2
X=/\[51
;";;) TO I)

7 I 1 '" 2;'Q
12.':"2·::r-1

:3 f4 [ 5.1 "A r5 ] t~ 3;': H ( I 1;' : ,{ r I , I ; Jf) J ;', F: !{ r I , ') )
9 f) ( i 11 JI X,~~ H[ I "I ;': r3;':j;(! I , f .JD 1;': '.': ! - 1 • I

1:i II. r I 21 It 3;': iH i I ;': F: 1< rIp U ;': r::-~ ( 1 , :.. ;
CFfi~-lJ 3:i:i,3:i:,/~1

11 ~= 1
12"2;''1-1
\~o TO 10

:§ :- .

~i·'
.~ 1-,
:;:; • ""t
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~
.~ ~':j
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c
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'" .~ 32
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~
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1

"

3:i:i COlnl;HJE
!\ r 5 1 :r ,\ ! 5 J ,; Ii
Ir:fSENS:: S;'JlTCH 71 :.:,17

17 'X) eQd I" 1', 2
8:;:: ,:,\ Ll T;<;\;JS [' 1\ f. 2~': 1-1 j , ,\ [J.~'" ii, - Pili]

17 ;j;) 5:;:i 1#1,11
~)Q 5:;:; K:r 1,5

.. 5 :; :j ''": [ j , f(l " C [ I , KI ?u\ [ I j -': td K]
:~O Tt) 3

II iFfSEiJSE S~IITCH 21 ~S,lg

:.;) IFf Xrl :; S-1 E5 1 1 9 , '2 , 2
~:; DO GOO I" I, 5

D() GOO K<. I rll, 4
600 elK,fider I,KI

(;;\ L l :; YSL i IJ rC, 4 , I, 1. , UET1
1F l SE,'ISE Siii TCH 2) H, 2:;

1.0 r:.;; 7:;:; 1"1,2 .
700 Ci\ L L T R/\ IJS f. Cr2~': I - 1 , 5 ] , CI 2 ~': I , 5 ] , - P1\ I 1

2, A"-l •
IFfSEiJSE 5\'1ITC11 1] 15,16

::'5 TYPE 53,DE:T
10 ~)O 9:j:~ Ittl,2

cr I , I. J " • 5~': rcr I , 51 :~~ c: 1li 2 , S1 1
900 C[ I::~ 2 , 4 J " S7 • 2 9 5 77 9 5 1 51 ~': ,\ r1\ iHer I I {t 11

T YPES 2 , Pi j I ,;
T \' iJ ;. :) 1 , Cr I , 5 J , C[ I "1 2 " 5 'I , C [ I I 4 J , Cf I ,~, _ • .• .. • ' • : I 2
-:-YP[ )l,:<,:.<,X
"u TO 1

.:.3 STOP
:~o rOR:li\T[SFl:i.:/, (Sin:;.)]
J.~ J- () i{i '1/\ T [ E1 ::. • [j , 2E1!J • ,'), - 11 • :: J
s2 . Q:~; ii\ T r '> I'll I <:.~ F 7 • 2/ / ; , ;:,'~ i, ~ 'f 1

f fiM/\GIJET 1.:..2 "ill;}(,:. :$/}
53 fOHi·l/\ T [S'DC··:~:: l:'. ;')/ :

[,w

o SUBROUTINE COORDINATE TRANSFORMATIONv
.~

v_ .. , .
SJ BROUT II JET H/\ ii S [ ;( , .~ , PII I ]
,\ '-: X~': COS [ PHI J PI Y~': S I ;." ,_I: I I ]
Y" - X~': S Il~ ( Pili ] ,; v:: C .J:" . ?: II J
x:r l\
RETurw
END

..
;
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DO 600 1= '. "3
- . ---- '--T

. I

A(S) = A(S)+ H

/'

600 CALL SYSlIN(C,',1,', DET)

['~-;C<iK):~~.~i,k'_: ~.(~~~ A(K) ]

(00 500~~-~~
•

800 CALL TRANS(A(2·1-l), A(2'I), -PHI) I
I

700 CALL TRANS(C(2·1-1.S), C(2·1.5); - PHI)

r- -- 
I.---
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~ ---~.----- - ---_ ....."'--_. __._--~._---~--

---1

.----.

xx(I. 1) = xMH )
XX<I,2) :: YM(J)

400 C(LK)= O.

PERM = 2'10-$
DET = 1.

rnn ,nn I =:, ') "

PHI = PHJQ1S7. 2957795131
I

ISTOp r~o

100 CALL TRANS( XX<I,1>, XX<I.2), PHI)

READ XNSS. YNSS, ZNSS, H, HO,IND, X

§~~ OM<I). XM~~l._Y.M(I), ZM(D, X, l I
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. _..._. - .
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.- .1

11=5 Lc:"
X =!:-(S) ~ ~~J.

200 ER(I, l) = ER<I,U/Am

r .:;-:.-: I - - ]
~:_~R_~~~~ '_51 ~.~_(_~. ~_N_D )_.-:.~O _)__.

-- - _. _.1-_ '" --:;~ -1
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- r---

.1.\(1) = SORT<ER<I.n z+ ER<I,2)z+ ERCI.3)z)

R(D = OM(J)/ (A<I»))

,,.
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5. Results of the Evaluation of Measurement Values of Mov.7,66

[Gauss • cm
3]
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- The- MSTU measurements of Mr. Ruggaber of Nov. 21/23, 1966 ~

yielded the f~llowing values:

4 emx = 1.lv

.d; emy =-1.82°

With deviation of O.2~ the results of the two'measurement .\~I

methods that are independent from each other, showed good

agreement.
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